To identify the gene or genes on mouse Chromosome 9 that contribute to strain differences in fatness, we conducted an expanded mapping analysis to better define the region where suggestive linkage was found, using the F 2 generation of an intercross between the C57BL/6ByJ and 129P3/J mouse strains. Six traits were studied: the summed weight of two adipose depots, the weight of each depot, analyzed individually (the gonadal and retroperitoneal depot), and the weight of each depot (summed and individual) relative to body size. We found significant linkage (LOD = 4.6) that accounted for the relative weight of the summed adipose depots, and another for the relative weight of the gonadal (LOD = 5.3) but not retroperitoneal (LOD = 0.9) adipose depot. This linkage is near marker rs30280752 (61
Introduction
Results of studies from our laboratory suggest that two strains of mice, C57BL/6ByJ (B6) and the 129P3/J (129), differ in adiposity (Bachmanov et al. 2001) , and several quantitative trait loci (QTLs) account for the strain differences in overall fatness (Reed et al. 2003) and/or in the weight of individual adipose depots (Reed et al. 2006 ). The goal of subsequent studies is to find genes underlying these linkages that give rise to the observed variation in these traits. Chromosome 9 was selected for study here because several fatness QTLs identified from mouse crosses are clustered on it (Table 1) and also because the effect of this QTL is consistent among several experimental crosses. It is usually antagonistic, which means that the heavier and fatter strains (AKR/J, BKS, B6, LG/J, and NZB) contribute a fatness-lowering allele when interbred with leaner and lighter strains (129, A/J, SM/J, and SWR/J). We also chose to study this chromosome because it is not, to the best of our knowledge, the focus of other positional cloning efforts for obesity or related traits, and so its investigation is therefore likely to yield novel information. The goal of this analysis was to examine the effects of this locus on the retroperitoneal and gonadal depots individually, because other results (Reed et al. 2006) suggested that the strength of the genetic effects differed by depot. These two depots are both located in the abdominal cavity but have different characteristics in these mouse strains; the gonadal depot expands and fills quickly when mice are fed a high-fat diet, whereas the retroperitoneal depot expand more slowly (Bachmanov et al. 2001) . After genotyping a large number of mice with a dense map, several approaches were used to nominate candidate genes within the linked region, which included bioinformatic analyses of the gene function and determining the gene sequence variants between the parental B6 and 129 strains.
Method
Mice. C57BL/6ByJ (B6) and 129P3/J (129) inbred mice used for breeding and for phenotyping were obtained from the Jackson Laboratory (Bar Harbor, ME). The B6 · 129 F 1 and F 2 hybrids were bred at the Monell Chemical Senses Center as described in the companion article in this issue (Reed et al. 2006 ). F 2 pups were weaned at 21À30 days of age and reared in same-sex groups. A total of 457 F 2 mice (228 female and 229 male) were bred (Bachmanov et al. 2002) . The mice were housed in a temperature-controlled vivarium at 23°C on a 12:12-h light:dark cycle and had free access to water and pelleted Teklad Rodent Diet 8604 (4.4% fat). All protocols were reviewed and approved by the Institutional Animal Care and Use Committee of the Monell Chemical Senses Center.
Adipose depot dissection. Mice were euthanized when they were 8-9 months old and then the retroperitoneal and gonadal depots were dissected and weighed. Dissection of the retroperitoneal depot included fat from the renal capsule and adipose tissue anchored to the wall of the body, dorsal to the kidney. The retroperitoneal depot is located between the first and second lumbar vertebrae and the fifth and sixth lumbar vertebrae. The appearance of the retroperitoneal depot is similar in male and female mice. For the gonadal depot, the adipose tissue near the epididymis and vesicular gland was dissected from male mice, and the fat near the ovary and uterus was dissected from female mice, with the landmarks near the seventh lumbar vertebrae, approximately at the iliac crest, and the first and second caudal vertebrae (Iwaki et al. 2001 ). Mesenteric and omental fat-containing tissue was not removed. Variables measured were the weight of the right and left retroperitoneal and gonadal adipose depot (four depots total, weighed individually to the nearest 0.01 g). Measures of body size were also made: body weight (to the nearest 0.1 g) and body length (base of the lower incisors to anus, distance to the nearest 0.1 cm).
Linkage analysis. The six phenotypes used in the linkage analysis were the absolute depot weight (adjusted for age and litter size) and the relative depot weight (adjusted for age, litter size, body weight, and body length) of the retroperitoneal depot, gonadal depot, and the sum of both depots. Adjustments were made using multiple regression methods (Statistica; StatSoft, Tulsa, OK). Female and male mice differed in the mean and variance for many traits, so the regression analysis was conducted separately within sex groups and the normalized values were combined before linkage analysis. The QTLs with confidence intervals that overlap the confidence interval of Adip5 are listed. Minus allele refers to the one that decreases the trait value. Mode refers to the mode of inheritance, Add = additive, Dom = dominant. In the case of Obq, Adip5, and Mob8, the KK, LG, and CAST alleles are dominant, respectively. Relative = weight of adipose tissue was adjusted for some aspect of body size, using either ratio methods or multiple regression. &Low marker density (n = 3) and low mapping precision. #Linkage is significant for the gonadal but not retroperitoneal depot. àEpistatic interaction with alleles on Chromosome 8. *For Afw4, there is no significant QTL when gonadal fat is expressed relative to body weight.
A.H. MCDANIEL ET AL.: Adip5 AND ADIPOSE DEPOT residuals obtained from the multiple regression analyses were standardized to a common scale so they could be pooled. There are two common ways to adjust the fat weight to body size: multiple regression or ratio methods (such as dividing fat weight by body weight). We chose to adjust the data with regression methods for two reasons: First, more than one covariate can be used to normalize the data within groups (e.g., age and litter size). Second, regression methods are less likely to produce residual correlations among phenotypes. Previous QTL studies of body size and its relationship to muscle mass in mice suggest that multiple regression methods lead to more accurate assessment of QTL effects than ratio methods (Lang et al. 2005 ).
DNA extraction and genotyping. Genomic DNA was purified from mouse tails either by phenol/ chloroform extraction and precipitation with ethanol (Hogan et al. 1986) or by a sodium hydroxide method (Truett et al. 2000) . To select markers on Chromosome 9 that are polymorphic between the parental strains, we consulted several databases (see Website References and Table 2 ). We used both microsatellite (simple sequence repeats) and single nucleotide polymorphism (SNP) markers. Microsatellite markers were amplified, scored, and checked as described in the companion article (Reed et al. 2006 ) using either radioactive methods to visualize the band sizes, done in our laboratory, or using fluorescently labeled primers, conducted by the Australian Genome Research Facility (Melbourne, Australia). For some SNPs, we designed primers for the Orchid UHT system (Princeton, NJ), and the markers were typed by a commercial vendor (DNAprint; Coconut Grove, FL). For other SNPs, we used fluorescently labeled primers and probes and genotyped these markers through allelic discrimination in our laboratory using an ABI PRISM 7000 real-time PCR system (ABI Assayby-Design, Applied Biosystems, Foster City, CA). Genotypes were checked for accuracy by comparison Marker position (bp) is from Build 34 of the mouse genome. The rs prefix indicates the SNP listing in the public NCBI database. Positions of the markers with a D9Mit prefix were estimated by using the primer sequence as input in a BLAT search, using the first base pair of the left-most primer as the bp location. For SNP markers, the location is given for the variant base pair. The observed linkage map was obtained through analysis of recombination events and computed with MAPMAKER/EXP. We assumed that the first marker (D9Mit218) was 4.0 cM from the centromere based on information available through the Mouse Genome Database (MGD) hosted by the Jackson Laboratory (JAX). MGD cM positions were used to anchor this marker. SNP markers (rs) have not been integrated into the MGD linkage map; therefore, no cM positions are listed. In two cases, underlined in the table, there was a disagreement between the physical and genetic maps for adjacent markers. In these instances, we assumed that the experimental genetic map was correct and we used this order in subsequent analyses. The region between 79 and 101 Mb has less recombination per unit physical distance compared with the other regions.
with the haplotypes of flanking markers, and those with unlikely recombination patterns were retyped as needed. In some cases, genotypes were confirmed by DNA sequencing.
Mapping of Chromosome 9. Linkage analysis was conducted using 442 mice genotyped with 26 markers on Chromosome 9. Several of the original 457 mice died before the end of the experiment or were missing some phenotype information and were therefore not included in the subsequent analyses. The average DNA marker density was 3.5 cM, with no gap greater than 12 cM (Table 2 ).
Linkage analysis. Chromosome 9 linkage maps were created using MAPMAKER/EXP. Trait analysis was undertaken using MAPMAKER/QTL (Lander et al. 1987) , and thresholds for suggestive and significant linkage were used as described previously (Lander and Kruglyak 1995) . The confidence intervals were generated by MAPMAKER. LOD scores are reported at marker locations. The percentage of variance accounted for is also reported at the marker nearest the maximal LOD score, and the direction of dominance is expressed relative to the effect of the 129 allele. For each trait, three genome scans were conducted: using males-only, using females-only, and using a combined group of both sexes. Sex-dependent linkage was defined as described in the companion article (Reed et al. 2006 ). In supplemental analyses, QTLs were fixed at linkage peaks and evaluated using MAPMAKER/QTL or regression methods. A second analysis was done to refine linkage peaks. Genotypes from two other linked regions (Reed et al. 2003) (D2Mit12 and D16Mit6) were used as covariates in the analysis to control for background genotype effects. Finally, traits were grouped by genotype at the Chromosome 9 marker nearest the peak LOD score, and a one-way ANOVA was conducted to evaluate the marker genotype effect. Post hoc analysis of means was conducted using a least squares difference test (Statistica; StatSoft, Tulsa, OK).
Candidate gene analysis of Chromosome 9. We chose a region, defined by 1.0-LOD drops from the highest peak, ignoring lower peaks, to search for candidate genes (Fig. 1 ). This subregion was anchored at rs30280752 (61.1 Mb; Build 34), at the peak linkage for relative gonadal and combined fat depots, with flanking regions 10 Mb up-and downstream. Searching a smaller region for candidate genes seemed warranted because studies of other QTLs indicate that the location of the cloned gene is usually within 2 cM of the original peak LOD score (Price 2006) .
Manual and automated search strategies were used to select candidate genes, and the results were compared between these two approaches. For the manual search strategy, known genes (with RefSeq identifiers assigned) were extracted from the Build 34 genome assembly through the University of California at Santa Cruz browser, and the known function of each gene was examined one-by-one, and those involved in the regulation of body fat and its deposition (e.g., increased body fatness, depot-specific deposition, and adipogenesis) were identified, and chosen as candidates. Mice with targeted or spontaneous alleles of genes from this region were evaluated by exam- ining the phenotype data cataloged in the Mouse Genome Database or by using gene-specific searches of NCBI Entrez Gene and subsequent PubMed links (see Website References). For the automated search, we used the algorithms implemented in Positional Medline Database, which filters candidate genes by location, function, gene expression, and function networks (see Website References).
Protein-coding (cSNP) and splicing sequence variants between the B6 and 129 strains were identified by a query of Mouse SNP Build 126 between 50 Mb and 70 Mb which corresponded respectively to the region between 40À50 cm. (UCSC Browser, Build 34; see Website References). Those genes with protein-coding and splicing variants were added to the list of candidate genes. This final list of genes was then ordered into three levels of priority-high, medium, and low-based on two criteria: gene function and the presence of cSNPs between the parental strains. Those candidates with known obesity-related functions and with known cSNPs were given high priority. Functional candidate genes within discordant haplotype blocks (which are more likely to differ in DNA sequence; see details below), but with no known cSNPs, were given medium priority. The lowest priority was assigned to either functional candidates that were in concordant blocks or to genes that were not candidates based on function but which contained cSNPs. The presence of SNPs in introns or immediately upstream or downstream of the coding regions was considered neutral information when rating priority because they are usually inconsequential, although they can sometimes change gene function, for example, if they are in specific promoter elements. Thus, because of the uncertainty about whether this type of variation would change gene function, this information did not alter the priority position of the gene.
To determine what was known about candidate genes and their role in human obesity, the location of each human gene ortholog was (1) determined by a search of the human NCBI Build 35, and matched to (2) the Obesity Gene Map and (3) the Online Mendelian Inheritance in Man (OMIM; see Website References). Information about the previous associations between human obesity and the candidate genes was considered neutral information when ranking mouse candidates, although in some cases it did contribute to the original identification of the candidate gene based on function.
Haplotype analysis. A prerequisite for a gene to be a candidate for a quantitative trait locus (QTL) is that it must vary in DNA sequence between the parental strains. Some genomic regions are less likely to contain between-strain variation because they are descended recently from the same ancestral chromosome. Using this concept, we attempted to assess whether genes in the confidence interval were contained in an identical haplotype block and therefore could be given a lower priority as candidates (Wade et al. 2002) . To evaluate the haplotype blocks on Chromosome 9, a list of SNPs for the available B6 and 129 substrains was obtained (Mouse Genome Database; see Website References). The B6 and 129 substrains were treated, for the purposes of this analysis, as though they were identical to the strains used here, e.g., alleles of C57BL/6J = alleles of C57BL/6ByJ. Regions of haplotype concordance and discordance were identified, and the size and location of each block type were assessed. It was assumed that the transition from discordant haplotype to concordant haplotype occurred midway between adjacent markers. Candidate genes were mapped onto blocks by base pair location and genes that fell between or spanned discordant and concordant blocks were classified as discordant.
Results
Significant linkage peaks were found at the rs30280752 marker near the middle of Chromosome 9 for two phenotypes, relative gonadal depot weight and the relative weight of both depots combined (Fig. 1, Table 3 ). The peak LOD scores, mode of inheritance, and the percentage of variance that was accounted for are shown in Table 3 . Compared with the original genome scan, more dense genotyping of a larger number of mice reduced the confidence interval (Reed et al. 2006 ). The central region of Chromo- CI = confidence interval; GON (bs) = gonadal adipose depot relative to body size; RP & GON (bs) = combined weight of the retroperitoneal and gonadal depot relative to body size. The plus allele contributed by the 129 mouse strain increased the trait value. Mode refers to the mode of inheritance. % variance is the total amount of trait variance accounted for by the marker nearest the peak LOD score, as estimated by MAPMAKER/QTL using an additive model. some 9 was significantly linked to the gonadal depot (LOD = 5.3) but was not linked to the retroperitoneal depot (LOD = 0.9). Although two peaks are observed, a primary and a secondary peak (Fig. 1) , fixing the QTL at marker rs30280752 and rescanning the chromosome did not reveal statistical support for the existence of a second and independent QTL. Using markers on other chromosomes to control for residual genetic background did not change the location or shape of the linkage curves.
None of the linkages was sex-specific, defined as having a 1-LOD difference between male-only and female-only analysis. For the relative weight of the gonadal depot, the peak LOD score for males was 3.2 (n = 225; unconstrained model, LOD score reported at marker rs30042362) and the peak LOD score for this trait in females was 2.4 near the same location (n = 217). Likewise, for the relative weight of the combined depots, the peak LOD scores were 2.9 for males-only and 2.0 for females-only for the same model and approximate location, which did not reach the criterion of a 1-LOD difference for a sexdependent effect.
In agreement with the International Committee on Standardized Genetic Nomenclature for Mice (see Website References), this QTL was named Adip5 because it substantially overlaps a previously discovered QTL of the same name (Cheverud et al. 2001) , meets the criterion of significant linkage, and shares at least one parental strain in common (B6) with other significant QTLs in the region. There were other QTL symbols that would have also met these criteria equally well (e.g., Mob8, see Table 1) but Adip5 was chosen because we have used this symbol previously (Reed et al. 2003) .
To illustrate the relationship between genotype and phenotype, traits were grouped by genotype at the marker nearest the peak LOD score (rs30280752) and the mean value for each trait was calculated. and 70 Mb (Build 34). Within this interval there were 361 known genes. A manual search identified 16 candidate genes, and an automated search, using ''obesity'' as a keyword, identified 75 genes. Except for three genes (Thsd4, Neil1, and Lsm16), all genes found during the manual search were found during the automated search. The automated search missed these candidates for different reasons: In the case of Lsm16, the identification of the gene as a candidate came from data appearing in unpublished conference proceedings, and in the case of Thsd4, domains of this gene that suggested its role in adipogenesis were not identified in the automated algorithms. In the case of Neil1, the data linking it to obesity were too recent to be included in the automated search databases. All genes identified by both methods were reviewed (N = 77), but most candidates from the automated search were discarded because of search artifacts, e.g., weak or no evidence of their role in adipose depot weight or obesity. The list of 16 genes nominated as candidates based on their known function is shown in Table 4 , listed by gene symbol, accession number, and a summary of their functional connection to obesity. Three genes are involved in the formation of new adipocytes (adipogenesis) (Crabp1, Csk, and Thsd4). Six genes have a role in metabolism: four in carbohydrate metabolism (Man2c1, Mpi1, Adpgk and Hexa) and two in lipid metabolism (Acat1 and Lipc). In addition, we examined three genes associated with diabetes, insulin sensitivity, and/or the ability to use glucose as a fuel (Il18, Dpp8, and Anxa2). Nine genes that contained cSNPs between the B6 and 129 strains were identified by searching dbSNP (Mouse SNP Build 126); of these genes, three were functional candidates (Csk, Adpdk, and Thsd4) and six were not (Table 5) . No DNA sequence variants that would be predicted to influence splicing were found. Query of the homologous genes in humans suggested that alleles of some of these candidate genes are associated with human obesity, notably BBS4, alleles of which lead to a rare form of genetic disorder with obesity as a feature. Association with human obesity of three other genes, LIPC, IL18, and CYP19A1, was found based on differences between obese and lean human populations either in frequency of alleles in the noncoding regions or in gene or protein function or concentration (Table 5) . For some candidate genes (e.g., HEXA), the effects of alleles in the human population are described, but obesity is not part of the clinical description. For the remaining genes (e.g., DPP8), no human disease-causing alleles have been reported.
Haplotype block analysis. On Chromosome 9 there were 6778 SNPs, 3830 (57%) of which were discordant and 2948 (43%) of which were concordant between the B6 and 129 strains. There were 736 haplotype blocks, the average size of the blocks was approximately 162 kb, and about 66% of the entire chromosome was discordant. The largest block was a discordant stretch 3.1 Mb long, from 17.3 to 20.4 Mb. For the region of linkage, from 50 to 70 Mb, there were 1280 SNPs in 119 blocks. The average block size in the candidate region was 183 kb, and the largest block (1.8 Mb) was discordant (Fig. 3) . The percentage of discordant genome within the interval from 50 to 70 Mb was slightly higher compared with the whole chromosome (75% vs. 66%).
Genes within the discordant blocks are more likely to contain cSNPs than those within concordant blocks. Therefore, three candidate genes that were within discordant blocks and contained known cSNPs were given a higher priority (Table 5 ). Other genes within discordant blocks were given medium priority rating because of the higher likelihood that a possible cSNP or other functional variant may exist, although none are known based on currently available data. Candidates within the concordant blocks have a lower likelihood of containing cSNPs and thus were given a lower-priority rating. For one gene within a concordant block (Lsm16), we sequenced its open reading frame to determine whether there might be cSNPs that were missed by assuming that the gene was in a concordant block, but none were found.
Discussion
This genetic mapping study supports the existence of a QTL for relative gonadal fat weight on mouse Chromosome 9 with a peak at 45.6 cM and a confidence interval between 17 and 49 cM. Compared with the original genome scan (Reed et al. 2006 ), these data more precisely define the linked region and provide better statistical support for depot specificity. There are genotype-by-adipose depot interactions in other mouse crosses (Cheverud et al. 2004) , and the results reported here are consistent with those from a previous study suggesting that a locus at or near Adip5 has a stronger effect on some depots than others (Stylianou et al. 2006; West et al. 1994a) . Our results agree with other studies, summarized in Table 1 , showing that usually alleles of this locus from the B6 and other fatter or larger strains are antagonistic and reduce adiposity, and the ''plus'' alleles are found in the 129 strain and other leaner or smaller strains. We therefore gather that this locus is likely to be involved in the expansion of Lipc NM_008280 Lipase, hepatic Alleles are associated with body fatness in genetic models of mouse obesity. Alleles of this gene are associated with abdominal adiposity in humans (Fabsitz et al. 1989) Gene symbol is the official locus designation for the mouse gene. Accession numbers are indexed at NCBI (see Website References). The Name column contains additional description of the gene identity. The Function column lists key features relevant to obesity in mice and humans.
A.H. MCDANIEL ET AL.: Adip5 AND ADIPOSE DEPOT Alleles are denoted by the amino acid substitution (using single letter codes) at the numbered position of the protein sequence, e.g., proline (P) is substituted for histidine (H) as position 312, P312H. Genes chosen for their functional relevance to obesity are denoted by a ''+,'' whereas those chosen only because they have a cSNP are denoted by '').'' a The allele was confirmed by direct sequencing of the parental strains (Accession Nos. DQ424862 and DQ517441).
b
The protein-coding regions of this gene were sequenced to detect variants but none were found (Accession Nos. DQ240818 and DQ240819). High priority is given to genes with a function related to obesity and known protein-coding variants. Medium priority is given to functional candidates within discordant haplotype blocks. Lower priority is given to functional candidates in concordant blocks or genes with protein coding variants but without an obvious functional relationship to obesity or gonadal depot weight. Within priority category, genes are ordered by location. Genes in transition areas between discordant and concordant blocks were categorized as discordant because the crossover points are not known. Human orthologs and their chromosome location in base pairs are relative to Build 35 of the human genome. When known, the human phenotype is listed in the right column (OMIM; see Website References).
adipose depot weight specifically, rather than in generalized growth factors leading to a larger or smaller mouse. Furthermore, because B6 body weight-and body length-increasing alleles (Bwq6, Bdln4, Bdln5 QTLs) are nearby and may act to dilute the effects of the 129 body fatness alleles, we may have an explanation as to why this linkage is apparent only when adipose depot weight is adjusted for body size (i.e., body weight and body length) in our study. The depot specificity of this linkage suggests that effects of allelic variation of the Adip5 locus are stronger in the gonadal depot than in the retroperitoneal depot, which leads to an association with gonadal but not with retroperitoneal depot weight. Therefore, it would be reasonable to search for genes whose expression levels differ by adipose depot and/ or that result in depot-specific expansion of adipose tissue. Many of the factors that influence the rate at which new adipose cells (adipogenesis) are generated are expressed at levels that are depot-dependent (Voros et al. 2003) . These genes may include those responsible for providing new vasculature (angiogenesis). One study revealed that angiogenesis and adipogenesis may be under dual control by components common to both processes, including vascular endothelial growth factor, its receptors, angiopoietins, ephrins, matrix metalloproteinases, and the plasminogen enzymatic system (Hausman and Richardson 2004) . In addition, although the process of adipogenesis is interrelated with the process of lipid accumulation or lipogenesis, the adipogenic process itself is committed to providing an increase in the number of mature adipose cells for lipid deposition and storage, not for increasing the total amount of lipid available for storage. Therefore, if adipogenesis is increased in a particular depot, we might expect available lipids to be preferentially stored in that depot, increasing the size of that depot without a subsequent increase in the total body fat or total body weight of the mouse. This depot-specific increase in fat deposition, which may be the result of an increase in adipogenesis, meshes with the observed phenotype and, therefore, genes related to this process were considered prime candidates.
One of the highest-priority candidate genes fits this profile quite well. The Thsd4 gene shares some conserved domains with a family of proteins (Adamts-1) that are secreted, bind to the extracellular matrix, and control its breakdown, which is a key component to allow the growth and expansion of newly formed adipocytes during adipogenesis (Lilla et al. 2002) . Thsd4 is most similar in structure to the Adamts-l subfamily of genes and contains the spacer and TSP1 repeat domains. These domains are those required to bind and cleave substrates and may regulate the function of the ADAMTS proteins (Hirohata et al. 2002). Moreover, the Tsp1 repeat domain has an inhibitory role in angiogenesis, and thus also possibly adipogenesis, by interfering with the function of vascular endothelial growth factor (Fukumura et al. 2003; Iruela-Arispe et al. 1999a , 1999b . Consequently, the Thsd4 gene has features consistent with the role of Adip5 and contains a cSNP. Another high-priority gene that also contains a cSNP variant and is involved in adipogenesis is Csk. Csk interacts with insulin-like growth factor 1 receptors in preadipocytes, causing them to become permissive for differentiation into mature adipocytes (Sekimoto and Boney 2003 Pletcher et al. 2004 ). This approach is similar to haplotype-sharing methods that identify disease-causing alleles in genetically isolated human populations and, when used in mice, has already met with some success (Liao et al. 2004 ). There is concern that this method may be useful only when there is a one-to-one correspondence between genotype and phenotype, the range of phenotype among inbred strains is wide, and the effect of genotype is large. Another limitation is that no single standard criterion has emerged to assign haplotype blocks or strain distribution patterns (Ideraabdullah et . Given these issues, we took a conservative strategy: We assumed that a single discordant SNP (sometimes called an orphan SNP) broke a concordant block, and we did not exclude candidate genes or regions based on the haplotype block results, although genes within concordant blocks were assigned a lower priority.
The use of mice as a model system for the genetic influences on obesity is based on the premise that mice and humans share regulatory systems of body weight and fatness. To date, this has proved to be the case and there are many examples of correspondence between alleles in particular genes and phenotypes in mice and humans. For instance, in the mouse, mutations in the leptin gene cause early-onset, extreme obesity (Zhang et al. 1994) , and the same is true for humans (Montague et al. 1997 ). The linkage on mouse Chromosome 9 reported here has genomic regions of conserved synteny on two human chromosomes, 11 and 15 (Perusse et al. 2005 ). Trying to screen mouse candidate genes using information from humans is probably premature, but there are three specific points worth considering: First, one of the candidate genes in the mouse (Bbs4) was identified because the corresponding human gene has alleles that lead to one form of Bardet-Biedl syndrome (Mykytyn et al. 2001 ), a disorder that has obesity among its cardinal features. Milder alleles of BBS4 genes might contribute to ordinary obesity (Croft et al. 1995) , although linkage results in otherwise normal populations suggest that this is rare (Perusse et al. 2005; Reed et al. 1995) . Furthermore, mice with targeted alleles of this gene are obese (Mykytyn et al. 2004 ). Another candidate gene in the mouse, Lipc, was an early human candidate gene in the study of obesity (Hasstedt et al. 1997) , and some studies have shown associations between an allele in the LIPC promoter ()514C>T) and visceral obesity in humans (St-Pierre et al. 2003) . Another gene was identified as a candidate because of its association with obesity in humans (IL18). Obese women were observed to have higher levels of the proinflammatory cytokine IL18 protein in their blood, and its levels were subsequently reduced following weight loss (Esposito et al. 2002 (Esposito et al. , 2003 . In line with the observed phenotype in humans, Il18 knockout mice are hyperphagic, obese, and insulin-resistant (Netea et al. 2006 ). Considered together, these studies suggest that Il18 protein may be secreted from adipose tissue and provide regulatory information to the brain or other areas about body fatness. A fourth mouse candidate gene, Cyp19a1, was identified because when knocked out it produces a fat phenotype in mice, and also because alleles of this gene are associated with human visceral obesity (Baghaei et al. 2003; Remes et al. 2003; Tworoger et al. 2004 ). Thus, four genes from this small genomic region are implicated in both mouse and human obesity.
To detect the specific genes that might account for linkage results in mice reported here, we focused our mapping efforts on Chromosome 9, a region linked to adipose depot weight identified from the genome scan and from the related work of other researchers. Candidate gene assessment was conducted by searching databases for genes and their functions and considering the pattern of shared and unshared ancestral chromosomal segments. Several genes emerged that had functions consistent with the effects of Adip5, four of which have alleles of the human ortholog that are associated with obesity and fat patterning (BBS4, LIPC, IL18, and CYP19A1).
Other genes discussed earlier (Csk, Thsd4, and Crabp1) may be regulated in a depot-specific manner, influencing the patterning of fat. Our ongoing positional cloning efforts that involve the construction of consomic and congenic mouse strains harboring Adip5, along with gene expression studies that include both the examination of expression of our individual candidate genes and whole-genome microarrays in the depots of interest, should assist and further the gene-identification process.
Obesity is a complex disorder that is a result of the small effects of many genes and the interaction of these genes with the environment. The chromosomal locations of many areas that show linkage to obesity-related traits are now known in mice and their corresponding locations are known in humans. We have identified one such region along mouse Chromosome 9 that accounts for fatness that is specific to the gonadal depot. This locus differs from others in that smaller and/or leaner strains carry alleles that increase trait values. This is an important finding because the genes that underlie this locus may be more influential in predicting fat patterning as opposed to contributing to overall body fatness and, thus, may be affected and have consequences that differ from that of genes that have more generalized effects on obesity and body size. Identifying the genes that contribute uniquely to body fatness will hopefully give us a better understanding of the specific types of obesity, including fat patterning and its development, and will assist with identifying the genes and their variants underlying the individual differences in the predisposition to obesity. This information will also help in developing individually tailored treatment of this disease.
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